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Summary
Purpose The long-term effects of targeted micronu-
trition with the holoBLG lozenge in house dust mite
(HDM) allergic rhinoconjunctivitis (ARC) patients
were evaluated at a follow-up visit in an allergen
exposure chamber (AEC).
Methods Patients who were supplemented for
3-months with the holoBLG lozenge in a previous
study with two controlled HDM-AEC challenges [vis-
its: V1, V3] were recruited for a third AEC challenge
(V5) 7–8 months after cessation of supplementa-
tion. Symptoms (nose, conjunctival, bronchial, oth-
ers), well-being, and lung function parameters were
recorded exactly as in the previous study. Primary
endpoint was change in median Total Nasal Symptom
Score (TNSS) at V5 compared to V1. Secondary end-
points included e.g. change in median Total Symptom
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Score (TSS) and the exploratory analysis of tempo-
ral evolution of symptom scores using linear mixed
effects models.
Results Of the 32 patients included in the original
study, 27 could be recruited for the follow-up visit
with a third AEC challenge. An improvement of 20%
(p= 0.15) in the primary endpoint TNSS [V1: 2.5 (in-
terquartile range [IQR]: 1–4), V5: 2.0 (IQR: 1–3)] was
observed; 40% (p=0.04) improvement was seen for
the TSS [V1: 5.0 (IQR: 3–9), V5: 3.0 (IQR: 2–5.5)].
Analysis of temporal evolution of all symptom scores,
and the personal well-being revealed sustained, clini-
cally meaningful improvement at V5 compared to V1.
No relevant lung function parameter differences were
observed.
Conclusions Sustained long-term reduction of TNSS
(primary endpoint) and sustained long-term improve-
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ment of secondary endpoints (temporal evolution of
all symptom scores and well-being) were demon-
strated 7–8 months after cessation of holoBLG sup-
plementation, indicative of a long-lasting nature of
immune resilience induced by holoBLG.
Trial registration The study was registered at clinical-
trials.gov (NCT04872868).

Keywords Allergen exposure chamber ·
Beta-lactoglobulin · Farm effect · Allergic
rhinoconjunctivitis · Immune resilience · Trained
innate immunity

Abbreviations
AEC Allergen exposure chamber
AIT Allergen-specific immunotherapy
ARC Allergic rhinoconjunctivitis
BLG Beta-lactoglobulin
CI Confidence interval
DBPC Double-blind, placebo controlled
FEV1 Forced expiratory volume in 1 second
FSMP Food for special medical purposes
FVC Forced vital capacity
GP General practitioner
HDM House dust mite
IQR Interquartile range
LPR Late phase reaction
NPT Nasal provocation test
OTC Over the counter (prescription-free products

sold in pharmacies)
PEF Peak expiratory flow
PNIF Peak nasal inspiratory flow
SD Standard deviation
TBSS Total Bronchial Symptom Score
TESS Total Eye Symptom Score
TNSS Total Nasal Symptom Score
TOSS Total Other Symptom Score
TSS Total Symptom Score
V Visit
VAS Visual analogue scale

Background

The concept of targeted micronutrition to correct mi-
cronutritional deficiencies in immune cells of aller-
gic patients, the main attribute of mode-of-action of
loaded beta-lactoglobulin (holoBLG), has been unrav-
elled only recently [3–6]. There are multiple studies
showing that atopy is associated with iron deficien-
cies [7–11] and/or vitamin deficiencies [12–15]. These
deficiencies turn the immune system into a hyper-
reactive state, contributing to the atopic state [8, 15].
The holoBLG lozenge has been shown to correct these
micronutritional deficiencies by shuttling micronutri-
ents such as iron, retinoic acid and zinc to immune
cells of the myeloid lineage [3–6, 16].

To date, the only causative treatment for allergic
diseases is allergen-specific immunotherapy (AIT)
with disease-modifying potential when administered

compliantly and for at least 3 years. The concept of
classical AIT is desensitization, administering the al-
lergy-eliciting allergen in a repeated fashion in order
to induce tolerance and mount a long-lasting effect
based on cellular and humoral immunity [17, 18].
However, one of the major principal limitations of
AIT is allergen-specificity. Consequently, one AIT for-
mulation is needed for each allergy or combinations
thereof. Furthermore, there are patients who are sim-
ply not suitable or motivated to receive an AIT course
of 3 years. A unique opportunity for allergic patients
presents itself, based on correcting micronutritional
deficiencies which provide an antigen-unspecific im-
mune-regulatory effect resulting in resilience to im-
mune activation—“immune resilience”—and protec-
tion against allergic sensitization and symptoms [2, 3,
16].

In contrast to AIT, the described approach herein is
tailored to tackle atopy by targeted micronutrition us-
ing the holoBLG lozenge. Here, induction of immune
resilience via innate immunity in an allergen-unspe-
cific way provides symptom alleviation after a short
supplementation phase [2, 16]. The holoBLG lozenge,
a safe and well-tolerated FSMP (food for special med-
ical purpose) [2, 19], which is a novel invention [1]
in the field of dietary products (sold over the counter
[OTC] in pharmacies) currently available in Germany
and Austria [20], is breaking new grounds in the fight
against allergic diseases.

Two proof-of-concept studies with allergic patients
have been completed so far. A double-blind placebo
controlled (DBPC) study (NCT03816800) in 51 birch
and/or grass pollen allergic women combined nasal
provocation before and after supplementation with
a field study assessing combined symptom medi-
cation scores (CSMS) during the respective pollen
seasons via an eHealth application [16]. This DBPC
study showed a significant reduction in CSMS of
41% in the holoBLG-supplemented group for the
birch pollen seasons of 2019/2020 and of 26% for
the grass pollen seasons 2019/2020. Congruently, the
total nasal symptom score measured via a controlled
nasal provocation test (NPT) was reduced by 42% in
the holoBLG group compared to 13% in the placebo
group [16]. In addition, an improved iron status in
the allergic patients after the supplementation was
reported.

The second proof-of-concept study investigated
the effects of the holoBLG lozenge on symptoms of
house dust mite (HDM) allergic patients by a con-
trolled and standardised provocation in a validated
allergen exposure chamber (AEC) [2, 21]. Thirty-two
HDM-allergic patients were included in this study
(NCT04477382), which was conducted at the AEC
of the ECARF Institute in Berlin (Germany). The
patients recorded their nasal, conjunctival, bronchial
and other symptoms, measured peak nasal inspiratory
flow (PNIF), peak expiratory flow (PEF), and docu-
mented their well-being during the exposure; lung
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function was recorded before and after the challenge
in the AEC. After 3 months of daily supplementation
with the holoBLG lozenge (2 lozenges/day), patients
were again challenged in the AEC. The median TNSS
at 120min of exposure (primary outcome) was signif-
icantly reduced by 60% (p=0.0034), the median TSS
(sum of all symptoms), a secondary outcome, was
reduced by 40% (p< 0.0003), and these results were
mirrored by the improvement of 42% in the well-
being of the patients recorded via visual analogue
scale (VAS). The number of patients reporting late
phase reactions (LPRs) due to the allergen challenge
in the chamber was markedly reduced from 45% of
the patients at baseline to only 12% of patients after
the final exposure, also pointing to an increased toler-
ability to HDM exposure after supplementation with
the holoBLG lozenge [2].

Both trials demonstrated symptom improvement
in allergic patients in an allergen-unspecific way in
a magnitude which is comparable to allergen im-
munotherapy [2, 16] with the caveat of being proof-
of-concept studies. Both trials however focused on
immediate effects observed at end of supplemen-
tation and did not investigate potential long-term
benefits.

Immune memory was considered in the past to
only exist in adaptive immunity. However, “immune
resilience” [3] is challenging this dogma like trained
immunity [22], as it describes a way of memory for-
mation for the innate branch of the immune system
being not based on antigen-specificity in compari-
son to antigen-specific memory formation in adap-
tive immunity. Previous studies (preclinical and clin-
ical) demonstrated that the holoBLG mechanism of
action is not antigen-specific and holoBLG is influenc-
ing the reactivity of innate immune cells [2–4, 6, 16],
both pointing towards a regulation via innate mecha-
nisms as first line. Knowing about this kind of trained
immunity, we were interested whether supplementa-
tion with holoBLG is able to induce long-term effects.
Therefore, we decided to recruit the HDM allergic pa-
tients from our previous study in the allergen exposure
chamber [2] for a third controlled allergen challenge
in the AEC 7–8 months after the end of supplementa-
tion with holoBLG.

Fig. 1 Study design.
This study is an extension
from the previous study
[2]. The scheme shows
the study periods (inter-
vention phase, follow-up
phase) including the visits
(V0–V6). V0 Screening and
patient selection; V1, V3
and V5 HDM exposure in
AEC; V2, V4 and V6 tele-
phone calls 24h after expo-
sures

V4

holoBLG supplementation
(2 x 1 lozenge/ day)

1 week 24 h 24 h 7–8 months
V6

24 h

no supplementation or allergen immunotherapy

3 months
V2

V1
Baseline
exposure

V3
Final

exposure

V5
Follow-up
exposure

Methods

Study design and materials

In January and February 2021, those 32 HDM aller-
gic patients with HDM ARC (allergic rhinoconjunc-
tivitis) who participated in the intervention phase
(NCT04477382) [2], and underwent two controlled
HDM-exposures (V1 and V3) as well as a 3-month
course with the holoBLG lozenge, were asked to par-
ticipate in a follow-up visit. They were once again
challenged with the same amount of HDM allergen
(V5) in the AEC of ECARF Institute, Berlin, Germany
(Fig. 1).

Patient population

The eligible population were HDM allergic patients
who already participated in the intervention phase [2]
(V1–V4 including 3 months of holoBLG supplemen-
tation) and were included in the final analysis. Ex-
clusion criteria remained as in the previous study [2].
Wash-out time for different medications before the
AEC challenge (V5) to prevent any symptom-reducing
influence of these on the challenge were as follows:
3 weeks for systemic corticosteroids, 2 weeks for topi-
cal nasal corticosteroids, 7 days for cromones, 72h for
antihistamines, 3 months for antibiotics, 1 month for
pro-, pre- and synbiotics.

In addition, we collected information whether pa-
tients started an AIT against HDM after V4 or pro-
longed or started supplementation with the holoBLG
lozenge between V4 and V5 again, as it is commer-
cially available.

AEC

The exposure was carried out under exactly the same
protocol as in the previous study in the same al-
lergen exposure chamber [2]. In brief, exposure
was done in the mobile, standardised and validated
GA2LEN AEC (ECARF) [21, 23–25]. After an accli-
matisation period (20min), the exposure was per-
formed with 250μg/m3 HDM raw material (whole
culture mite: Dermatophagoides pteronyssinus and
Dermatophagoides farinae body and faeces allergen
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50:50; Allergon AB, Ängelholm, Sweden) for 120min
at 20°C and 55% relative air moisture. Amount and
composition of HDM allergens, and exposure particle
size was designed to reflect a high natural daily HDM
exposure of a HDM-allergic patient [26].

Outcome parameter

In order to achieve a high degree of comparability
of the results, outcome parameters were assessed ex-
actly as in the previous study [2]. Symptoms were
evaluated by the patient on a scale from 0–3 (no-,
mild-, moderate-, or severe symptoms). TNSS (To-
tal Nasal Symptom Score) symptoms: runny, sneez-
ing, itchy, and blocked nose, TESS (Total Eye Symp-
tom Score) symptoms: itchy, watery eyes, and gritty
feeling, TBSS (Total Bronchial Symptom Score) symp-
toms: breathlessness, wheezing, cough, and asthma,
and TOSS (Total Other Symptom Score): itchy skin,
and itchy palate. TSS reaching a maximum score of
39 is the sum of TNSS, TESS, TBSS, and TOSS. Pri-
mary endpoint was the change in median TNSS at
120min at V5 compared to V1. Secondary endpoints
were the change in median TSS at 120min at V5 com-
pared to V1, an exploratory analysis of the temporal
evolution of TNSS, TESS, TBSS, TOSS and TSS during
exposure and the differences between these temporal
trends between V1, V3 and V5. Changes in personal
well-being (VAS: 0= very good to 10= very bad, mea-
sured in millimeter 0–100), peak nasal inspiratory flow
(PNIF, Peak Nasal Inspiratory Flow Meter, Clement
Clarke International Ltd., Harlow, Essex, UK) and peak
expiratory flow (PEF, Peak-Flow-Meter, Personal Best,
Philips GmbH, Herrsching, Germany) were recorded
before and every 30min during the exposure. Spirom-
etry (forced expiratory volume in 1 second (FEV1),
FEV1/FVC (forced vital capacity); EasyOne™ Spirome-
ter, ndd Medizintechnik AG, Zurich, Switzerland) was
performed before and after exposure, analysed and
judged from a clinician’s point of view. Late phase
reactions (LPRs) or adverse events related to the ex-
posure were recorded in a telephone call 24h after V5.

Study oversight

The Ethics Committee of the Charité, Berlin approved
the study protocol (EA1/412/20). Bencard Allergie
GmbH sponsored the study and it was registered
at clinicaltrials.gov (NCT04872868). Participants re-
ceived detailed information and gave written in-
formed consent to participate in the follow-up phase
of the new study as well as to processing and storage
of their data according to the General Data Protection
Regulation. Same pseudonymisation and patient-
identification as in the study before [2] was employed
in accordance with applicable laws and regulations,
and the study was conducted in accordance with the
Declaration of Helsinki, as well as in compliance with
all federal, local, and regional requirements.

Statistical analysis

The study consisting of the follow-up phase in the AEC
was planned with 32 patients. The data used for all
analyses is based on the 32 patients evaluated for V1
and V3 [2] and the 27 patients who participated in V5.
Analysis was carried out as before [2], primary end-
point was analysed employing the paired Wilcoxon
test (Wilcoxon signed rank test with continuity cor-
rection) and several secondary endpoints were anal-
ysed in an exploratory way. Percent changes between
AEC visits were calculated by first calculating the me-
dian of values measured during V1 and V5 separately
(over all patients at 120min). To retrieve percentage
changes, the following equation was employed: [(me-
dian V5–median V1) / median V1] × 100. Median, in-
terquartile ranges (IQR) and percentage changes are
given.

The linear evolution over time of the symptom
scores at V1, V3 and V5 was analysed by using lin-
ear mixed effects models [2, 27]. Model response,
also called the dependent variable, were the different
symptom scores. Patients were used as random effects
accounting for interindividual variability in baseline
symptom scores and treatment, time and interaction
between treatment and time as fixed effects. Quan-
tile–quantile plots were employed to visually confirm
model assumptions. All analyses were performed with
R version 3.5.3 [28] using package “lme4” for mixed
effects modelling [29] and package “multcomp” for
estimating p-values of fixed effects [2, 27, 30]. The
95% confidence intervals (CIs) for fixed effects in
linear mixed effects models and p-values represent
a descriptive summary measure, not a result of con-
firmatory testing. Results of the mixed effects models
are presented (Fig. 3) as expected marginal means
which are predictions for the response where certain
variables are held constant, in our case the interven-
tion (V1, V3, V5), and others are varied, in our case the
time. PNIF and PEF were described using median and
IQRs and judged from the point of clinical relevance
(data not shown).

Results

Baseline demographics

Twenty-seven out of the pool of 32 participating pa-
tients from the intervention phase [2] could be re-
cruited to sign up for a third exposure; the pandemic
prevented the recruitment of the other five patients.
Mean age was 40.7 years (SD 11.9 years) and 22%
were male (details shown in Table 1). Before start of
the intervention phase [2], all included patients rated
at least two allergic rhinoconjunctivitis (ARC) symp-
toms (runny nose, blocked nose, itchy nose, sneezing,
itchy eyes) as moderate or severe. It should be em-
phasised that none of the participating patients took
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Table 1 Demographic and baseline characteristics
(n= 27 patients)
Age (years) Mean: 40.66 (SD

11.9)
Median:
38.0

Min
24.0

Max
65.0

Gender, n Male: 6 (22%) Female: 21 (78%)

Smoker, n Yes: 0 (0%) No: 27 (100%)

AIT >5 years, n Yes: 3 (11%) No: 24 (89%)

SD standard deviation, AIT allergen immunotherapy,Min minimum,
Max maximum

any further holoBLG lozenges during the 7–8 months
between V4 and V5.

Efficacy

Patients recorded their symptoms every 10min for
120min during the exposure at V5, as previously per-
formed at V3 and V1 (intervention phase) [2].

Primary endpoint
Primary endpoint was the difference between V5 and
V1 for TNSS at 120min exposure (Fig. 2a). At V1 after
120min the median TNSS was 2.5 (IQR: 1–4) com-
pared to 2.0 (IQR: 1–3) [2] at V5, describing a differ-
ence of –20% (p= 0.1516) 7–8 months after the end of
supplementation.

Secondary endpoints
A secondary outcome measure was the analysis of the
sum of all symptoms for all organs, shown as median

0.0

2.5

5.0

7.5 Visit
V1

V3

V5

0

5

10

15

20

TS
S

Visit

Fig. 2 TNSS (primary endpoint) and TSS at baseline (V1), af-
ter supplementation (V3), and 7–8 months after cessation of
the supplementation (V5). Shown are box plots describingme-
dian and interquartile ranges with an overlaid dot plot repre-
senting the single patients. Median TNSS at 120min a was
significantly reduced (p= 0.0034) by 60% at V3 compared to
V1, at V5 the score was reduced (p= 0.1516) by 20% com-
pared to V1 [median TNSS, V1: 2.5 (IQR: 1–4), V3: 1.0 (IQR:

1–3), V5: 2.0 (IQR: 1.0–3.0)]. Median TSS at 120min b, a sec-
ondary outcome measure, was 5.0 (IQR: 3–9) at V1, 3.0 (IQR:
2–4) at V3, and 3.0 (IQR: 2.0–5.5) at V5, describing a relevant
improvement of 40% between V3 and V1 (Wilcoxon test: CI:
1.5–4.0, p<0.0003), which was also true for V5 compared to
V1 (Wilcoxon test: CI: 0.00001–4.5, p= 0.04). CI confidence in-
terval, IQR interquartile range, V visit, TNSS Total Nasal Symp-
tom Score, TSS Total Symptom Score

Table 2 Median and interquartile ranges (IQR) of symp-
tom scores at 120min in the AEC (V1, V3 and V5)

V1 V3 V5

TNSS 2.5
(IQR: 1–4)

1
(IQR: 1–3)

2
(IQR: 1–3)

TESS 1
(IQR: 0–2)

0
(IQR: 0–1)

0
(IQR: 0–2)

TBSS 0
(IQR: 0–2)

0
(IQR: 0–1)

0
(IQR: 0–1)

TOSS 1
(IQR: 0–2)

0.5
(IQR: 0–1)

0
(IQR: 0–1)

TSS 5
(IQR: 3–9)

3
(IQR: 2–4)

3
(IQR: 2–5.5)

TNSS Total Nasal Symptom Score, TESS Total Eye Symptom Score, TBSS To-
tal Bronchial Symptom Score, TOSS Total Other Sympotom Score, TSS Total
Symptom Score

TSS at 120min (Fig. 2b), which was 5.0 (IQR: 3–9) at
V1 [2] and 3.0 (IQR: 2.0–5.5) at V5 (Wilcoxon test: CI:
0.00001–4.5, p= 0.04), describing a relevant improve-
ment of –40%. Median and IQR of all symptom scores
at 120min are listed in Table 2. In the previous study
[2], the temporal evolution (during 120min exposure)
for all four single symptom scores and TSS at V3 com-
pared to V1 were analysed in an exploratory way. Now,
the data from V5 is included in the linear mixed ef-
fects models to compare the three visits (V1, V3 and
V5). This model adjusted for interindividual variabil-
ity by estimating a random intercept for each patient,
identified relevant fixed effects for exposure time in
the AEC and relevant interaction effects between the
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Fig. 3 Linear evolution of symptom scores for nose (TNSS),
eye (TESS), bronchial (TBSS), other (TOSS) and the sum of all
symptoms (TSS) over time of HDM exposure in the AEC at V1,
V3 and V5. a Analysis of the temporal evolution for all single
symptom scores (recorded every 10min during 120min expo-
sure), and the resulting TSS showed improved symptoms over
time for V5 compared to V1 as also seen for V3 compared to V1
(smaller slope increase during V3 and V5 describes decreased
symptoms during these exposures compared to baseline V1).
Shown are predicted marginal means including their 95% con-
fidence intervals. b Summary table of linear mixed effects
model results, which analysed the symptom scores for their

linear evolution over time. Slope per minute (including 95%CI)
for V1, V3 and V5 as well as corresponding slope decreases
between V1 and V3, and V1 and V5 per minute (including 95%
CI), and the related p-values as descriptive summary mea-
sures are given. V3 slope per minute is the difference between
V1 slope/min and slope decrease between V1 and V3/min. V5
slope per minute is the difference between V1 slope/min and
slope decrease between V1 and V5/min. CI confidence inter-
val, HDM house dust mite, V visit, TNSS Total Nasal Symptom
Score, TESS Total Eye Symptom Score, TBSS Total Bronchial
Symptom Score, TOSS Total Other Sympotom Score, TSS To-
tal Symptom Score

0

25
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0 30 60 90 120

Visit
V1
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Fig. 4 Personal well-being (represented by VAS) during
120min of HDM exposure in the AEC at V1, V3 and V5. At
the end of the exposures after 120min, median VAS was
reduced from 32 at V1 (IQR: 17.75–52) to 19 at V3 (IQR:
12.25–35) (Wilcoxon test: CI: 4.50–20.50, p= 0.0021), and 14
(IQR: 6.5–34) at V5 (Wilcoxon test: CI: 8.00–24.00, p=0.001).

This represents a clinically relevant increase of the patient’s
personal well-being by 42% between V3 and V1, and 56%
between V1 and V5. Higher values represent lower well-being.
CI confidence interval, IQR interquartile range, V visit, VAS vi-
sual analogue scale

166 Long-term benefits of targetedmicronutrition with the holoBLG lozenge in house dust mite allergic patients K



original article

V1 V3 V5

45%

55% 88%

12%

67%

33%

35

30

25

20

15

10

5

0

Fig. 5 Late-phase reaction (LPR) reporting during the tele-
phone call 24h after AEC visits (V2, V4 and V6): 45% of 31 re-
porting patientsmentioned LPRs during the telephone call 24h
after V1, 12% of 25 reporting patients after V3 and 33% of
27 reporting patients after V5

time spent in the AEC and the supplementation with
the holoBLG lozenge, respectively 7–8 months after
supplementation-end, for all symptom scores. At V5,
there was a relevant symptom improvement detected
as compared to V1, manifesting as a lower rate of in-
crease in symptoms over time compared to V1 (Fig. 3).
The slope decrease per minute for all scores between
V5 and V1 was not as high as between V3 and V1, but
the slope of all symptom scores at V5 was decreased to
a relevant extent. Fig. 3b summarises the results of the
linear mixed effects models, identified by the interac-
tion term, for all scores, p-values reflecting descriptive
summary measures. The evolvement of the TSS over
time is explained as follows: During 120min of expo-
sure in the AEC, the TSS increased at a rate of 0.043 per
minute (95% CI: 0.037–0.049, p<2×10–16) on average
during V1 [2]. At V3, directly after 3 months supple-
mentation with holoBLG, the slope was decreased by
0.028 per minute (95% CI: 0.019–0.016, p=4.86× 10–10),
leaving an increase of 0.015 per minute during V3
[2]. 7–8 months after the end of supplementation, the
slope was still decreased by 0.021 per minute (95%
CI: 0.001–0.003, p= 4.73× 10–6) at V5 compared to V1,
leaving an increase of 0.022 per minute during V5.

We did not observe relevant differences for PNIF
and PEF (not shown) between V1 [2] and V5, as also
seen between V1 and V3 [2] before. No restrictions or
obstructions were measured during spirometry before
and after all exposures (V1, V3 and V5).

At 120min, median VAS was reduced from 32at V1
(IQR: 17.75–52) [2] to 14at V5 (IQR: 6.5–34) (Wilcoxon
test: CI: 8.00–24.00, p= 0.001), which represents a clin-
ically meaningful increase of the patient’s personal
well-being by 56% (Fig. 4).

During the telephone call V2 (24h after baseline
exposure with HDM), 14 out of 31 patients (45%)
reported LPRs due to the mite allergen exposure:
itchiness and tearing eyes, irritated or sore throat,
thirst, swallowing problems, dyspnoea, obstructed
nose, headache, itchy skin and mild urticaria, cough
and sneezing [2]. At V6 (telephone call 24h after V5),

9 out of 27 patients (33%) reported LPRs: itchiness,
sneezing, and obstructed nose (Fig. 5).

Discussion

Allergies to airborne allergen sources such as pollen,
HDM, moulds or animal epithelia are on the rise,
as seen in food allergies [31]. AIT is still the only
causative treatment to date, and this disease-modi-
fying treatment option has been shown to be effica-
cious with favourable safety profiles in many clinical
trials [32]. It is recommended by societies such as
the European Academy for Allergy and Clinical Im-
munology for the treatment of for example seasonal
and perennial allergic rhinitis and well-controlled al-
lergic asthma [33, 34], but this unfortunately does not
cover all patients with allergic diseases. Many patients
do suffer from multiple allergies simultaneously and
even when starting an AIT against one or two aller-
gen sources, they often do not achieve satisfaction re-
garding full symptom control. Rare allergens as elic-
itors of allergic symptoms are another challenge as
suitable AIT preparations are not available in every
case. Another important group are patients not suit-
able to receive AIT because of contraindications and
patients rejecting AIT because of various reasons such
as lack of willingness to commit to an AIT course of
3 years with either daily or monthly therapeutic doses.
In general, although AIT is the only disease-modi-
fying option to date, clear disadvantages for certain
patient populations are given such as allergen-speci-
ficity, compliance and adherence to treatment sched-
ules and a residual risk of anaphylactic reactions. In
addition to these important reasons, there are many
patients who never reach an allergy specialist because
they might not even go to a general practitioner (GP)
for an initial diagnostic workup, or are not referred to
an allergy centre.

A novel approach to ameliorate allergy symptoms
was introduced harnessing the potential of targeted
micronutrition. Immune resilience, as a phenomenon
of activation of innate immune mechanisms, may be
key here and help explain the allergen unspecific na-
ture of this approach [3, 4, 6, 35]. This novel scientific
concept has been translated into a Food for Special
Medical Purpose (FSMP)—available throughout Ger-
man and Austrian pharmacies (“over the counter”)
addressing those allergy sufferers who never reach an
allergy centre, or are not suited/unwilling to undergo
AIT [20]. The allergen-unspecific mode-of-action of
this FSMP is documented by a large body of preclin-
ical data and first clinical trials [2–4, 6, 16]. HoloBLG
mimics [2, 6, 16] the well-known protective “farm
effect”, documenting that early-life and long-term ex-
posure to stables and raw milk consumption do have
a strong protective effect on the development of hay
fever, asthma and atopic sensitisation [36, 37], and
this concept [38, 39] was materialized in a lozenge. In
a previous study, a 3-month course with the holoBLG
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lozenge demonstrated clinically meaningful benefits
for HDM-allergic patients in a highly standardised
HDM-challenge setting elicited in a state-of-the-art
validated AEC [2]. The trial described here is a con-
tinuation of this previous AEC study with the aim
to generate first data on long-term effectiveness of
holoBLG supplementation. A beneficial sustained
effect seen 7–8 months after cessation of supplemen-
tation was unravelled. The observed effects (V5) were
slightly reduced compared to immediately after end
of supplementation (V3) but remained remarkably
consistent over the vast majority of endpoints and
organs studied: in a holistic overview of both trials
the previous study demonstrated directly after cessa-
tion of the 3 months supplementation (V3) significant
reduction of 60% (p=0.0034) in TNSS and a 40% re-
duction in TSS (p<0.0003) compared to baseline (V1)
[2]; 7–8 months afterwards there was still a reduction
of 20% (p=0.1516) in TNSS. In addition the study
documented an ongoing clinically meaningful reduc-
tion of 40% (p=0.004) in TSS, comparable to at the
end of supplementation (V3). Although the primary
endpoint TNSS was not significantly reduced at V5
compared to V1, the patients still benefited noticeable
and consistently over all organ systems affected and
additional endpoints measured. Occurrence of late-
phase-allergic reactions after provocation are another
powerful tool to study the allergic reaction. Consis-
tently to the observations above, the study confirmed
a reduced occurrence of LPRs 24h after AEC exposure
from 45% prior supplementation (V1) to 12% straight
after 3 month supplementation (V3), which still re-
mained on a reduced level 7–8 months later (33% at
V5).

Standardized and validated allergen exposures in
state-of-the-art AECs are an impressive tool to study
allergic diseases [21, 23]. As a limitation of the first
study we discussed in the previous paper [2] the miss-
ing control group, habituation effects of undergoing
a chamber exposure for the third time, and the rela-
tively low number of patients. Still, the highly stan-
dardized exposure of the same patients in the same
chamber with identical conditions enables a high-
quality comparison of before-and-after effects, which
could also be seen as a control. Moreover, in this fol-
low-up trial, not all of those 32 initial patients could
be motivated to sign up for a third chamber session.
However, almost 85% of those patients could be re-
cruited, which is a meaningful achievement given the
unpleasant and time-consuming nature of a chamber
exposure.

The body of scientific evidence is growing for sup-
plementation with the holoBLG lozenge. Data of
a randomized DBPC clinical proof-of-concept trial
combining allergen provocation with efficacy mea-
sures such as combined symptom medication scores
in a hybrid design were recently presented [16]. The
outcome of the study described here adds to the
understanding of the advantages of holoBLG supple-

mentation. Highlighting for the first time long-term
immune resilience induced by targeted micronutri-
tion. The exact underlying mechanisms remain open
for speculation for the time being. “Trained immu-
nity” appears to be an attractive hypothesis, since
the mechanism of the lozenge is antigen-nonspecific
and mainly leverages on the innate immune system.
For instance, preclinical studies showed that specif-
ically myeloid immune cells are supplemented with
the nutrients by holoBLG [3, 4, 6, 16]; therefore the
early steps of mechanism of action seems to be based
on sensitization and effector cells of the allergic im-
mune cascade. Trained immunity, alias trained innate
immunity or innate immune memory, is a concept
which was introduced in 2011 [22], postulating that
also the innate branch of the immune system can
build long-term memory, not only the adaptive im-
mune system as thought before. Since then, there
have been several publications showing the mid-term
metabolic and epigenetic reprogramming of innate
immune cells after the initial challenges, followed by
altered responses on secondary challenge of these
cells [40]. To name just one example, these altered
innate responses could lead to a change in cytokine
production and with this to a different microenviron-
ment than upon the first challenge. This could then
influence the cells of the adaptive immune system
like B and T cells in a different way than before when
they interact with each other [40]. We would like
to hypothesize that the observed long-term efficacy
7–8 months after cessation of 3 months of holoBLG
supplementation is linked to trained immunity. Mi-
cronutrients such as iron are shuttled into myeloid
cells, nourishing them with the aim to balance their
homeostasis, which in turn dampens their effector
responses like antigen presentation or histamine re-
lease [3, 4, 6, 16]. This ameliorated function on the
innate side would then create a more favourable mi-
croenvironment, which would also have an influence
on the polarisation of T and B cells in a less Th2-
prone manner as initially.

Conclusion

After having shown that 3 months of supplementa-
tion with the holoBLG lozenge led to a substantial
level of immune resilience, characterized by a sig-
nificant symptom reduction in HDM-induced ARC
via HDM challenges in a state-of-the-art validated
allergen exposure chamber [2], this study investi-
gated potential long-term effects 7–8 months after
cessation of supplementation and patients were re-
cruited for a third challenge in the AEC. At the end
of the supplementation (V3) a significant reduction
of 60% (p= 0.0034) in the TNSS and 40% reduction
in the TSS (p<0.0003) compared to baseline (V1)
were measured. 7–8 months afterwards, there was
still a 20% (p=0.1516) reduction in TNSS (V5). In
addition a sustained clinically meaningful reduction
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of 40% (p= 0.004) in TSS (V5), comparable to im-
mediately after cessation of supplementation (V3),
also reflected consistently in other secondary end-
points, was documented. In conclusion this study
could for the first time demonstrate sustained long-
term efficacy of supplementation with the holoBLG
lozenge. Phenomena like trained immunity or innate
immune memory might account for the observed ef-
fects. Further work is required to unravel those exact
mechanisms.
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